We have evaluated the role of major histocompatibility complex-encoded class II (Ia) molecules as transmembrane signaling receptors in the T helper cell-dependent activation of B lymphocytes. For these studies, we utilized the murine B-cell lymphoma CH12, which expresses both I-A and I-E class II molecules. In addition, CH12 cells carry IgM of known antigen specificity and require both specific antigen and Ia-restricted T-cell help for the induction of antibody secretion. In this respect, they resemble normal resting B cells. We have studied the ability of antigen-specific or alloreactive T helper cells reactive with either the I-A or the I-E molecules on CH12 to be activated and their ability to stimulate antibody production by CH12. The results show that, although CH12 cells present antigen to T helper cells that interact with either the I-A or the I-E molecules, CH12 cells are stimulated to secrete antibody only by T helper cells reactive with their I-E molecules. Our data demonstrate that class II molecules are transducers of signals for B-cell excitation in addition to serving a restricting function for helper T-cell stimulation. Moreover, the data demonstrate that these two functions, T-cell stimulation and B-cell excitation, are discrete and need not be expressed by the same Ia molecule.
Helper T (Th) cells are stimulated after recognition of antigen and class II major histocompatibility complex (MHC)-encoded molecules expressed on antigen-presenting cells (APC) (1) . Class II (Ia) molecules are, therefore, considered to be "restricting elements," which are required to mediate Th cell activation. In addition to macrophages and other specialized APC, B lymphocytes express Ia molecules and can present antigen to Th cells (2) .
Th cell-dependent activation of normal resting (Go) B lymphocytes also involves the interaction of Th cells with antigen and Ia molecules on the B-cell membrane (3) (4) (5) (6) . After the binding of antigen by B-cell surface immunoglobulin (sIg), Th cells interact with antigen and Ia molecules and the B lymphocytes are shifted from the resting state. Thereafter, antigen-nonspecific and MHC-unrestricted B-cell stimulating factors are sufficient to promote the growth and differentiation of these "excited" B cells (7, 8) . It is not known whether the Ia molecules serve only as restricting elements for Th cell activation during T-B interactions or whether they also serve as transducers of signals for B-lymphocyte excitation.
We have investigated the role played by Ia molecules in Bcell activation, using the CH12 B-cell lymphoma. CH12 cells have sIg specific for a determinant found on sheep erythrocytes (SRBC) and have activation properties similar to resting B lymphocytes (9) . These cells have been used previously to demonstrate that the sIg molecule on the B-cell membrane is an activation receptor for B-cell excitation (10 
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Proc. Natl Acad Sci USA 82 (1985) 517 to induce their differentiation into antibody-secreting cells (9, 10 (15) . Results are expressed as plaque-forming cells (pfc) per ml or as pfc per 10 viable recovered CH12 cells on the day of assay; in some experiments the number of pfc are presented as the percent of recovered CH12 cells. Measurement of T-Cell Activation. T-cell activation was assayed by measuring the release of the T-cell-derived lymphokine, interleukin 2 (IL-2) (12) or T-cell proliferation. Tcell proliferation was measured by [3H]thymidine uptake (11, 12) . When normal spleen cells were usea as APC, they were irradiated (1500 rads) as described (12) . CH12 cells were treated with mitomycin C (50 pg/ml) prior to use as APC (11) . RESULTS CH12 cells can be stimulated to antibody secretion by using H-2-compatible SRBC-ppmed splenic T cells and SRBC as specific antigen. Th cells not restricted to MHC-encoded determinants expressed by CH12 did not stimulate the lymphoma, even when APC matching the T-cell haplotype were included in culture, demonstrating that a direct interaction between Th cells and CH12 is required for activation (9) . As reported previously (9) and as shown in Table 1 (9) . Since Th cell interactions occur with Ia-encoded molecules on B cells, these data imply that there is a difference in the function of the I-A and I-E molecules on CH12 cells.
To evaluate this difference, alloreactive Th cell lines specific for the I-A, I-E, or both molecules on the CH12 membrane were tested for their ability to induce the differentiation of CH12. As shown in Fig. 1 , alloreactive T cells specif- [3H]Thymidine incorporation into proliferating T cells was measured on day 3 of culture. Vertical bars represent standard deviations of replicate cultures.
ic for I-A plus I-E or for I-E alone were able to activate CH12. In contrast, I-A-specific Th cells did not induce differentiation at any multiplicity tested. Nevertheless, these I-A-specific Th cells were themselves activated to proliferate to a degree equal to that observed when stimulated with normal allogeneic spleen cells (Fig. 1) . This indicates that the failure of these Th cells to stimulate CH12 was not due to their own inactivity.
We next analyzed the MHC-restricted activation of CH12, using KLH-specific Th cell lines derived from BlO.A, (12) . A standard source of IL-2 (2% EL4 cell supernatant) is shown as a positive control (*).
BlO.A(4R), and BlO.A(3R) mice, in the presence of KLH and SRBC. As shown in Fig. 2 , KLH-specific Th cells of B1O.A and BlO.A(3R) origins activated the CH12 cells, while those from BlO.A(4R) mice did not. Again, the failure to induce CH12 was not due to the lack of activation of the KLHspecific BlO.A(4R) T cells (Fig. 3) . When CH12 cells were used as APC, the proliferative response of these Th cells and their IL-2 production were similar to the values obtained when conventional sources of APC were substituted (Fig. 3) . In this experiment, an in vitro propagated cloned line of CH12 cells (CH12.6) was used as a source of APC. Since this clone, unlike the in vivo CH12 line, is devoid of contaminating macrophages, these results demonstrate that CH12 cells alone are functional as APC in the activation of BlO.A(4R) T cells.
The proliferative response of KLH-specific BlO.A(3R) T cells, with various sources of APC, is presented in Fig. 3 . These T cells proliferated in response to KLH presented by CH12.6, B1O.A APC, and BlO.A(3R) APC, although the response to antigen presented by the homologous, BlO.A(3R), APC was consistently greater. This was as expected, since only the a chain of the I-E molecule is common to these strains and, therefore, not all of the I-E (E;E!)-restricted T cells in the BlO.A(3R) population recognize the cross-reacting I-E (EkEk) determinants on CH12.
In the previous experiments (Figs. 2 and 3 (29) , and evidence supporting this hypothesis was recently reported (30) .
The inability to stimulate CH12 by using I-A-restricted Th cells raises the intriguing question of whether CH12 is a general model for normal B-cell activation. There is no doubt that some B lymphocytes can be stimulated by I-A-restricted Th cells, but whether these are distinct from those B cells triggered by I-E-restricted T cells is unknown. An alternative view is that the I-A molecule on CH12, while easily recognizable by monoclonal antibodies (9, 14) and capable of serving as a restricting element for Th cell activation, is in some way aberrent. One possibility is that the I-A molecule has a defective cytoplasmic carboxyl terminus that does not allow its normal transducer function to be expressed.
Certainly, occupation of Ia and sIg receptors is not always obligatory for B-lymphocyte stimulation. Various methods have been shown to result in B-lymphocyte proliferation and differentiation in vitro, some of which bypass the requirement for sIg receptor-ligand interactions (6, 10, 16, 18, 19) , Ia receptor-Th cell interactions (23), or both (5, 7). Indeed, several recent reports (24) (25) (26) have demonstrated that MHCunrestricted Th cell-derived helper factors are apparently able to stimulate resting B cells. We suggest that, rather than being inconsistent with our data and contradicting the proposed transducer function of Ia molecules, these data reflect another of the redundant methods that result in B-cell activation in vitro. Whether these various methods also function in vivo is not known, but it is possible that the high concentrations of antigen and high multiplicities of Th cells required to effect bystander responses in vitro are never realized under in vivo conditions (27) . We suggest a minimal model for physiologic B-cell activation, in which hapten-carrier conjugates bridge Th cells and B cells (28) , making possible the simultaneous occupation of two transducer molecules on B cell membranes, sIg by antigen (10, 17) and Ia by Th cell receptors.
